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Screening combinatorial library complexes in situ by spectroscopy 



(57) A method for detecting at least one substance (figand) present in a compound library using at least one 
additional substance (receptor) that binds to the ligand comprises adding to the compound library such a 
receptor that has substantially higher molecular weight than the ligand to be identified, and performing a 
spectroscopic measurement technique of the mixture, without isolating the receptor- ligand complex, to detect 
dipolar resonance phenomena which occur upon a binding of a receptor to a ligand. Preferably the 
spectroscopic measurement is made by nuclear magnetic resonance (NMR), preferably transfer Nuclear 
Overhauser Effect (tNOE) spectra are obtained. The spectral analysts of the binding of lectin to an 
oligosaccharide library is described. 
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Method for Detecting Biologically Active Compounds from Com- 
pound Libraries 

This invention relates to a method for detecting at least one 
compound (a ligand) in a compound library using at least one 
other compound (a receptor) that binds to the ligand. 

Such methods are common in the biochemical laboratory praxis. 

A compound in the sense of the present invention can be a mole- 
cule, an aggregate or a complex composed of many like or dis- 
like molecules and/or atoms . 

A ligand that binds to a receptor, and therefore shows binding 
affinity for this receptor, is called a biologically active 
compound . 

Compound libraries which are also called combinatorial librar- 
ies are synthetic or natural mixtures that contain a number of 
different compounds. In most cases, identity and quantity of 
particular compounds in the library are not known, the proce- 
dure, however, that led to these mixtures is often known. Such 
compound libraries can either consist of one sort of compounds, 
e.g. peptides or organic synthetic compounds, or they can com- 
prise several different components, e.g. plant extracts. Also, 
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complex components such as whole viruses, bacteria or cells can 
be part of a compound library. 

Especially in drug research compound libraries play an impor- 
tant role when compounds are to be identified from complex mix- 
tures for drug targets or when new biologically active sub- 
stances have to be identified in such complex mixtures. 

Such investigations are called „ screening of compound librar- 
ies". The screening/ i.e. the investigation whether an inter- 
esting compound or compound with potentially interesting prop- 
erties is part of a compound library , is performed using a re- 
ceptor, A receptor is the fishing pole, that allows to fish the 
ligand out of the compound library. 

Many different methods to screen compound libraries have been 
developed in pharmaceutical research and development as well as 
in biochemical and medical basic research. Common methods are 
e.g. the ELISA-test, the RIA-test, the affinity chromatography 
or different well known blotting methods such as Western-, 
Northern- or Southern-Blot. 

All these methods have in common that with the help of the re- 
ceptor the ligand in the compound library is spatially sepa- 
rated from the other compounds in the library. The spatial 
separation can take place during or after binding of the recep- 
tor to the ligand. The spatial separation is achieved by immo- 
bilizing one of the partner (either the receptor or the compo- 
nents of the compound library) to a solid support. Such sup- 
ports ar mostly microtiterplates, chromatography resins, 
beads, or filter papers. 
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In many cases it is also necessary to label one of the mole- 
cules in the study by using radioactive or non-radioactive iso- 
topes in order to detect the receptor-ligand complex. Alterna- 
tively, a specific detection tool, e.g. an antibody, can be 
used to detect the receptor-ligand complex. 

Affinity chromatography is widely used for screening of com- 
pound libraries by utilizing a receptor that is immobilized on 
a chromatography resin, which in turn is used to produce a 
chromatography column. If a compound library, which contains a 
ligand for the immobilized receptor, is passed over this column 
the ligand specifically binds to the immobilized receptor and 
by this process can be separated from the other compounds in 
the library. Subsequent detection of the ligand is achieved by 
elution of the ligand from the column and specific detection 
reactions . 

Detection reactions can be based on detection of a ligand with 
a specific antibody, or if the ligand was labeled, on detection 
of the label. 

In many cases it is not possible to label the compounds of a 
library, and also in many cases no specific antibodies exist. 
This is especially true if a new ligand in a compound library 
has to be identified. 

In such cases a chemical analysis has to be performed, e.g. se- 
quencing reactions that at present time are only applicable to 
nucleic acids and peptides. 
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A ligand that has been separated from the compound library with 
the help of a receptor can also be analyzed by mass spectrome- 
try. In the recent past this method was increasingly used to 
analyze compound libraries. 

An example for such a method is described in the publication 
„Matrix-assisted laser desorption ionization for a rapid deter- 
mination of the sequences of biologically active peptides iso- 
lated from support-bound combinatorial peptide libraries" of 
Youngquist et al., 1994, Rapid Communications in Mass Spec- 
trometry, No. 8, Pages 77-81, — 

Here a special mass spectrometry technique, the „matrix- 
assisted laser desorption ionization" (MALDI) was used to iso- 
late such peptides from the synthetic peptide library, that are 
potentially useful to inhibit infections with the Hi-virus. 

In that procedure the peptide library was automatically synthe- 
sized on a solid support in form of inert plastic beads carry- 
ing of random peptide sequences. The peptides were immobilized 
on beads. Biological activity was tested by using a monoclonal 
antibody, that was directed against a surface protein of the 
Hi-virus. Beads that were bound to the antibody were detected 
by an enzyme-conjugated staining method known from ELISA and by 
immunoblotting techniques. Colored beads were isolated and pep- 
tides were cleaved off. These peptides were analyzed with 
MALDI, which allows a direct sequencing and, therefore, identi- 
fication of the peptides. 

Each step of this method shows fundamental disadvantages that 
are also characteristic for the other methods known for detect- 
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ing of specific ligands in compound libraries. All these meth- 
ods are based on the principle that the receptor in a complex 
with the ligand is spatially separated from the other compo- 
nents of the compound library. The spatial separation requires 
either immobilization of the ligand as described in the publi- 
cation mentioned above or immobilization of the receptor, e.g. 
in the affinity chromatography where the receptor is bound to a 
solid support. 

This immobilization represents a considerable problem because 
biologically active receptors are often inactivated by immobi- 
lization. 

The receptor binding sites for ligands are usually located on 
the surface. Therefore, these binding sites can participate in 
the immobilization reaction and it is impossible to control 
which sites of the receptor are used for the immobilization. In 
fact, in many cases the receptor binding site is directly cou- 
pled to the support and, thus, the binding site is no longer 
accessible for the ligand. 

Another problem occuring in the immobilization of particularly 
protein receptors is denaturation, i.e. a conformational change 
of a receptor, that leads to loss of binding affinity. 

It cannot be predicted whether all compounds in an immobilized 
library are equally well immobilized and which of the compounds 
are still active after immobilization. This is risky, because 
biologically active compounds present in the library may not be 
immobilized and therefore would not b det cted with this proc- 
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ess. In such a case the detection reaction is negative even 
though a bioactive ligand was present in the compound library. 

Known processes have another major disadvantage in that they 
are complicated and lengthy. After immobilization of the ligand 
or the receptor many washing steps are necessary to remove non- 
immobilized molecules and only thereafter can the compound Li- 
brary be incubated with the receptor ♦ Washing steps are again 
necessary after incubation to remove unbound material. Subse- 
quently/ complicated analytical procedures such as immuno- 
staining or, after separation of the analyte from the solid 
support, mass spectrometric analysis has to be performed. 

Immunostaining methods usually require specific antibodies 
against the ligand. This is impossible if new ligands are to be 
found and difficult if ligands are to be investigated that are 
not proteins. 

An alternative to immunostaining is the radioactive or non- 
radioactive labelling of compounds in the library. Only nucleic 
acid libraries can be labelled without problems. For all other 
classes of compounds either no labelling technique is known or 
the labelling technique has major disadvantages. For instance, 
radioactive labelling of proteins via iodination is a consider- 
able health risk, 

A further complication arises from the fact that compound li- 
braries may contain a couple of compounds that display equal or 
similar binding affinity for the receptor. These compounds are 
then isolated as a mixture and cannot easily be analyzed with 
the known methods. 
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A further disadvantage of known methods is that it is impossi- 
ble to analyze the conformation, i.e. 3D-structure of the bound 
ligand or the receptor ligand complex. 

In the context described above, it is therefore an object of 
the present invention to provide a method for detecting com- 
pounds in a compound library, that is much simpler and faster 
than the known methods, and that would neither require immobi- 
lization or labelling of receptor and/or ligand, nor the spa- 
tial separation of the receptor ligand complex from all other 
compounds in the compound library. 

According to the invention this object is achieved by perform- 
ing a method with the following steps: 

a) adding a receptor to the compound library that has a sub- 
stantially higher molecular weight than the ligand to be 
detected, and 

b) performing of such a spectroscopic measurement technique 
with the mixture resulting from step a), without isolating 
of the receptor-ligand complex, that can detect those di- 
polar resonance phenomena which occur upon a binding of a 
receptor to a ligand. 

The inventors have realized that it is possible to directly de- 
tect a ligand in a compound library with known spectroscopic 
techniques that measure those dipolar resonance phenomena which 
occure if and only if a receptor with a much higher molecular 
weight than the ligand to be detected binds to a ligand. 
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Dipolar resonance phenomena are based on the resonance interac- 
tion between dipoles and electromagnetic waves with which a 
sample is radiated. Dipolar interactions depend on the mobility 
of the molecule that contains the dipoles. The molecular mobil- 
ity in turn is dependent on whether the molecule is free in so- 
lution or whether it is associated with a larger molecule that 
is e.g. a complex. If a smaller ligand binds to a large recep- 
tor the molecular mobility is governed by the large receptor. 
Only biologically active compounds can bind to the receptor. 
The fact that the binding has occured becomes detectable be- 
cause the receptor , with a much higher molecular weight, is re- 
sponsible for the properties of the ligand-receptor complex. 

Surprisingly, it turned out that this phenomenon can also be 
used to detect the binding of a receptor to a ligand even if a 
number of other substances is present in the solution that is 
investigated. If the receptor specifically binds to a ligand 
signals are measured upon addition of a receptor to a compound 
library that can be discriminated from all other measured sig- 
nals. If no binding occurs, these specific signals are not 
measured and it must be deduced that the compound library con- 
tains no ligand for the receptor. 

With that method it is not necessary to immobilize either re- 
ceptor or ligand. It is also not necessary to modify or label 
either receptor or ligand. This does not only save complex ex- 
perimental steps but it also removes the risk of biological in- 
activation, which may occur during such steps. 

The spectroscopic detection of the receptor-ligand interaction 
in the compound library takes place directly after addition of 
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the free receptor in solution and therefore, the natural 
(native) conformation of all molecules involved is observed. 
This garantuees that the binding sites exposed in vivo are ac- 
cessible and conserved. It follows, that the receptor ligand 
interaction takes place without the influence of experimental 
conditions* 

The binding reaction can even be detected if additional mole- 
cules are necessary for this binding, and if these molecules 
are also present in the compound library. For example, this is 
important for allosteric enzyme reactions in which binding of 
an enzyme to a substrate is influenced by other molecules, so- 
called allosteric effectors. 

A considerable advantage of the invented method is that the 
isolation of a receptor-ligand complex, i.e. the spatial sepa- 
ration of this complex from all other substences in the library 
is no longer necessary. This time consuming step has to be op- 
timized for each individual experiment. Using the method of the 
invention it has become much faster and simpler because there 
is no need for isolation of the receptor ligand complex. Moreo- 
ver, losses inherent in such separation techniques are avoided. 

Using the method of the invention the question if an interest- 
ing ligand is present in a compound library can be answered 
with a minimum of experimental effort and standard spectro- 
scopic equipment. Thus, the method is very well suited to per- 
form screening of compound libraries. 

Compound libraries can be tested for a compound that in princi- 
ple is known but that is spectroscopically not identifiable in 
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presence of the other components of the library. It is now pos- 
sible to identify the compound ( ligand ) in question, because 
after binding to the receptor the spectroscopically accessible 
properties are now characteristically influenced by the recep- 
tor. 

The spectroscopic properties of the ligand are now different 
from those of the compound library as such and they are also 
different from the spectroscopic properties of the unbound re- 
ceptor. Therefore, in this case compound libraries can be 
tested for a compound in question routinely and after addition 
of the receptor. 

It is also possible to test a compound library whether an ac- 
tive compound is present at all, because only this compound 
will bind to the receptor. The dipolar resonance phenomena that 
are caused by this binding occur in the spectra and can in 
principle be assigned to a certain compound (ligand) if suit- 
able measurement techniques that are capable to record this di- 
polar resonance phenomena are applied. 

In a preferred embodiment of the invention an NMR (Nuclear Mag- 
netic Resonance) spectroscopy is used as spectroscopic measure- 
ment technique. 

Here, it is advantageous, that this method has already been 
known for many years and has developed into a routine method. 
Accordingly, many places operate standard NMR spectrometers 
pthat can be used to perform the invented method. Most fre- 
quently, NMR is used to determine the resonance signals of pro- 
tons that are usually present in biologically active molecules 
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in large numbers. Protons have a large magnetic moment. After 
binding to the receptor resonance phenomena occur that are 
characteristic. Therefore, practically all biologically inter- 
esting molecules are accessible to the invented process via a 
well established technique* 

In a particular preferred embodiment of the invention the 
transfer Nuclear Overhauser Effect (trNOE) is utilized to meas- 
ure the dipolar resonance phenomena. 

This embodiment is based on the Nuclear Overhauser Effect (NOE; 
the NOE was first described as a generalized effect in 
^Paramagnetic Relaxation in Metals", 1953 , Physical Review 89, 
Pages 689-700). As a consequence of the NOE NMR signals are en- 
hanced. The Nuclear Overhauser Effect is based on dipolar in- 
teractions between nuclear spins, e.g. protons, through space* 
The enhancement that is caused by the NOE depends on the dis- 
tance of the nuclei that are connected by dipole-dipole- 
interaction and it depends on time. Dipolar couplings between 
protons are dependent on molecular mobility and dipolar cou- 
plings are totally different for low molecular weight compounds 
compared to high molecular weight compounds. If a ligand binds 
to a receptor that has a much higher molecular weight than the 
ligand so-called transfer NOE are observed for that ligand, be- 
cause its molecular mobility is now determined by the higher 
molecular weight receptor (trNOE, described in ^Negative Nu- 
clear Overhauser Effects as Probes of Macromolecular Struc- 
ture", 1972, Journal of the American Chemical Society, 94, 
Pages 4015-4017). In other words, the receptor transfers spe- 
cific spectroscopically detectable properties to the ligand 
that on the one hand reflect the fact that binding has occured, 
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and on the other hand which compound (ligand) has binding af- 
finity to the receptor. 

The measurement of trNOEs has the advantage, that it allows to 
discriminate compounds that bind to a receptor from those that 
do not bind to a receptor with high sensitivity and selectiv- 
ity. This is true even if both are members of the same compound 
library and even if the compound library is a complex mixture 
of very different components. 

In a preferred embodiment of the invention the transfer Elec- 
tron Nuclear Overhauser Effect is measured as a dipolar reso- 
nance phenomenon. Here, the exchange of dipolar polarization 
between electrons and nuclei with magnetic moments is measured. 
This effect occurs for instance , if ligands or receptors are 
radicals and a binding reaction occurs. 

Here, it is of advantage that significant changes in signal in- 
tensities can be observed that in turn allow conclusions about 
the nature of the bound state. 

In the following the transfer Nuclear Overhauser Effect and the 
transfer electron Nuclear Overhauser Effect will be summarized 
under the acronym trNOE. 

In a further embodiment of the invention the trNOE is measured 
utilizing two-dimensional NOE-spectroscopic experiments (2D- 
NOESY or 2D-R0ESY) « 

In 2D-N0ESY or 2D-R0ESY experiments a two-dimensional NMR- 
spectrum is recorded, i.e. a spectrum that has two frequency 
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axes. The intensities of the observed signals, the so-called 
„crosspeaks" , represent a third dimension. 

A two-dimensional experiment consists of several periods, the 
first being the so-called preparation period, the second the 
so-called evolution or mixing period, and finally the detection 
period in which an interferogram (FID) is recorded. The time 
variable of the evolution period is called t ir which designates 
a variable waiting time that ranges from microseconds to sec- 
onds and during which chemical shifts and spin-spin couplings 
evolve. The mixing period follows the evolution period or in 
some cases interrupts it. During the mixing period dipolar 
resonance phenomena evolve. The mixing time is constant, 
whereas the evolution time t l is changed during the experiment. 
After evolution and mixing period the detection period takes 
place with a time variable t 2 , that again is constant. The data 
that are recorded with a two-dimensional NMR experiment are of- 
ten represented in a so-called contour diagram. A contour dia- 
gram shows cuts through the signal mountains at a given height, 
i.e. through the crosspeaks of the spectrum. 

The measurement of trNOEs in 2D-N0ESY-experiments has the ad- 
vantage that a large spectral resolution is achieved which in 
turn allows separation or spreading of the signals. Therefore, 
especially for complex compound libraries trNOEs can be de- 
tected specifically and at low concentration of the ligand in 
question. 

These two-dimensional experiments can also be performed as part 
of multi-dimensional experiments. 
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It. is obvious that any number of evolution times can be kept 
constant and that the dimensionality can be reduced in this 
way. 

In a further embodiment of the invention the trNOE is measured 
as part of a multi-dimensional homo- or hetero-nuclear experi- 
ment. 

Such an experiment can be e.g. a 3D-HMQC-N0ESY, a 3D-N0ESY- 
NOESY, or a 4D-TOCSY-NOESY-HSQC (HMQC « Heteronuclear Multiple 
Quantum Coherence, TOCSY * Totally Correlated Spectroscopy, 
HSQC « Heteronuclear Single Quantum Coherence) • 

For such multi-dimensional experiments it is of advantage that 
the spectral resolution is further enhanced. 

It is obvious that all NMR experiments mentioned above can also 
be performed in a rotating coordinate system. Then the trNOE is 
designated as trROE. 

Furthermore, techniques can be used to lower the dimensionality 
of the experiment or to yield special effects where one or sev- 
eral evolution times are kept constant or one or several radio 
frequency pulses are used in a selective or band selective 
fashion. 

Here, it is advantageous to improve the resolution, e.g. by ac- 
quiring more datapoints, so that the measurement time and 
therefore the duration for each single experiment is shortened 
and noise is minimized « If the trNOE is measured in a one- 
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dimensional experiment the advantage is that the analysis of 
the spectra is especially simple. 

In another embodiment of the invention the 2D-N0ESY-spectrum of 
the compound library in the presence of the receptor is ac- 
quired with a short mixing time that is smaller than approxi- 
mately 500 ms. 

This has the advantage that an especially good signal to back- 
ground ratio is obtained , in other words the noise is mini- 
mized. As a consequence of this the cros speaks characteristic 
for the bound ligand will appear even clearer to furthermore 
facilitate their detection* 

In another embodiment of the invention fluorescence spectros- 
copy is used as the spectroscopic measurement technique. 

This is useful if the compounds to be detected exhibit floures- 
cence, e.g. if absorbed energy is emitted again in form of ra- 
diation after extremely short periods of time following excita- 
tion through light or other electromagnetic radiation. 

Flourescence spectroscopy has the advantage that it is an ex- 
tremely sensitive technique, especially if laser induced 
flourescence is detected. In this case also the bound receptor 
influences the flourescence spectrum characteristically. 

In a further embodiment of the invention ESR (Electron Spin 
Resonance) spectroscopy is used. 



ESR-Spectroscopy is also called EPR-Spectroscopy (Electron Par- 
amagnetic Resonance). This technique is based on the fact that 
for electrons upon irradiation with an electromagnetic wave of 
a certain frequency magnetic resonance absorption occurs and 
the magnitude of this absorption is measured. This technique 
has the advantage that it is one of the most common spectro- 
scopic methods. 

In a preferred embodiment of the invention the ligand is a low 
molecular weight compound with a molecular weight of less than 
approximately 2000 Da, and the receptor is a high molecular 
compound with a molecular weight that is larger than approxi- 
mately 5000 Da. 

Using this methodology it is especially advantageous that sig- 
nificant trNOEs are detected because, given the large ratio of 
the molecular weight of the receptor to the molecular weight of 
the ligand, the NOE of the ligand is completely determined by 
the NOE of the receptor. In such cases especially cha- 
racteristic spectra are measured that make the detection of 
binding extremely easy* 

In this respect it is of further advantage that pharmaceuti- 
cally important compounds, particularly so-called lead sub- 
stances, have low molecular weights (MW < 1000 to 2000), e.g. 
hormones, antibiotics, enzyme inhibitors, etc. The receptors, 
in most cases proteins, have high molecular weights that in 
most cases are much higher than 15000 Da. 
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The receptor can consist of many high molecular weight com- 
pounds or can be embedded into a higher molecular aggregate or 
can be included in whole cells or in cell fragments ♦ 

Furthermore, it is possible to perform control experiments for 
each spectroscopic technique. For this purpose e.g. inhibitors 
for the receptor ligand binding can be used. After addition of 
the inhibitor the corresponding trNOE must no longer be detect- 
able . 

Following this protocol, it is also possible to test the speci- 
ficities of the receptor-ligand binding. This is especially im- 
portant if the compound library contains several ligands with 
binding affinities for the receptor. 

The compound library comprises natural substances that are cho- 
sen from peptides, proteins, nucleic acids, carbohydrates, lip- 
ids, whole cells, organelles, cell exstracts, whole bacteria, 
bacterial extracts, whole viruses, virus extracts or body flu- 
ids or mixtures thereof. 

Here it is of advantage that the method of the invention allows 
to test complex compound libraries such as natural product mix- 
tures or cell extracts directly without preliminary separation 
of the components or isolation of individual components. There- 
fore, the method is getting simpler and faster in practice. 

In a further embodiment compound libraries with chemically syn- 
thesized compounds are used. The compounds can comprise pep- 
tides, oligonucleotides or other molecules that have been de- 
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rived from organic synthesis and, again, no homogenous mixture 
is required. 

In pharmaceutical research drugs that are already known are of- 
ten chemically modified and a control is required of whether 
the modified form is still biologically active* Using the 
method of the invention it is now possible to test complete 
mixtures of several different modified forms in one experiment 
for their biological activity. This requires neither a prelimi- 
nary separation e.g. of synthetic products of different size 
nor is it required that the" drugs are chemically homogenous . In 
this respect it is important to mention peptide libraries that 
are used to inhibit naturally occuring receptors in the body or 
to inhibit viruses or other pathogens. In each of these cases 
the interaction between a low molecular weight ligand and a 
high molecular weight receptor plays a crucial role that can be 
quickly tested with the invented process. 

It is obvious that also mixtures of natural and synthetic com- 
pounds can be used as compound libraries for the invented proc- 
ess. 

Unknown ligands are identified with the help of additional one- 
or multi-dimensional NMR experiments. 

This opens the possibility to screen compound libraries for new 
ligands of well known receptors. In general, such a protocol 
makes use of 2D-N0ESY or 2D-R0ESY experiments and, subse- 
quently, on the basis of the data obtained (spectra, 
crosspeaks) further two- or multi-dimensional NMR experiments 
such as the so-called COSY, TOCSY or HMQC experiments are per- 
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formed. These NMR techniques, which are known to the experts, 
can also be performed in the form of 3D-NMR experiments or 
preferably as ID or 2D variants of 3D experiments • 

Furthermore, the same protocol allows not only to identify new 
ligands but also to analyze the structures of already known li- 
gands or of new ligands in the receptor-bound state* 

Such an approach toward structural analysis has the advantage 
that the biologically active conformation of a ligand, i.e, the 
conformation in the receptor-bound state can be analyzed with- 
out prior crystallization or other chemical treatment of the 
ligand. Furthermore, this method is much more sensitive and re- 
quires less amounts of substances than the standard methods for 
structure elucidation. 

In a further embodiment of the invention neural nets are im- 
ployed . 

Neural nets are programs that are modeled after the structure 
and function of the nerve system of living organisms. Such pro- 
grams show much higher power than common programs, especially 
for complex problems such as pattern recognition and learning* 

In this context it is of special advantage that neural networks 
have properties that allow the extraction of information from 
spectra even in the presence of extremely strong background 
signals. This background can be higher than the signals by a 
factor of 10. Also, spectrum recognition with the neural net- 
works comprises the ability to recognize individual components 
in spectra of mixtures. This property is of special importance 
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if several molecules at the same time undergo approximately 
equally strong ligand-receptor binding reactions. 

In this respect it is of further advantage that the sensivity 
of the method can be enhanced both during the measurement as 
well as during the evaluation of the results of the measure- 
ment. Especially, for the evaluation of complex two-dimensional 
spectra it is of advantage to have powerful computer programs 
available that allow to extract the important crosspeaks from 
the experiment. 

It is obvious that the characteristics explained above and be- 
low are not only valid in the combinations explicitly men- 
tioned, but also in any other combination or alone without 
leaving the scope of the present invention. 

In the following, the invention will be explained by way of an 
example selected from the practice in connection with the draw- 
ings, in which 

Fig. 1 shows the chemical formula of a low molecular weight 
disaccharide (ligand), i.e. ct-L-Fuc-( l->6 )-p-D- 
GlcNAc-OMe, that is bound by the lectin Aleuria Au- 
rantia Agglutinin (receptor AAA); 

Fig. 2a shows a 2D-NOESY-spectrum of a mixture of six dif- 
ferent saccharides that contain the disaccharide 
from Fig. 1 (compound library A); 
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Fig! 2b : shows a 2D-NOESY-spectrum of a mixture of 15 differ- 
ent saccharide the disaccharide from 
Fig. 1 (compound library B); 

Fig . 3a shows a 2D-trN0ESY-spectrum of a mixture of Fig. 2a 
after addition of the receptor AAA; 

Fig, 3b shows a 2 D- tr NOES Y- spectrum of a mixture of Fig. 2b 
after addition of the receptor AAA; and 

Fig. 4 shows a 2D-trN0ESY- spectrum of the disaccharide of 
Fig. 1 in presence of the receptor AAA. 

Screening of two disaccharide compound libraries with the help 
of a lectin f receptor) utilizing the trNOE-effect 

A particular disaccharide 1 (ligand) that is present in two 
compound libraries of different complexity is identified with 
the help of a protein receptor , in this case a lectin, utiliz- 
ing the method of the invention. 

Disaccharide 1 r a-L-Fuc- ( l->6 ) -p-D-GlcNAc-OMe , consists of a 
fucose residue and a substituted glucosamine residue. 

Disaccharide 1 that is shown in Fig. 1 is present in two dif- 
ferent compound libraries A and B that consist of 6 and 15 dif- 
ferent carbohydrate derivatives, respectively. A composition of 
the saccharide libraries is shown in Table 1. 
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Table 1 

Composition of the Compound Libraries 



Oligosaccharide 


Library A 

( concentration in 
M) 


Library B I 
(concentration inl 
M) 


a-D-Man-OMe 


1,9 x 10"* 


1,9 x 10- a 


a-D-Glc-OMe 


1,9 x 10* 2 


1,9 x 10" 2 


p-D-Gal-OMe 


1,7 x 10' 2 


1,7 x 10~ 2 


Ip-D-Gal-(l-*4)-B- 
D-Glc-Ome 


0,7 x 10' 2 


1,6 x lO" 2 I 


Saccharose 


1,0 x 10' 2 


1,0 x 10" 2 I 


a-L-Fuc- ( l-»6 ) -P- 

D-GlcNAc-Ome 

( Disaccharide 1) 


1,0 x 10" 2 


1,0 x 10 -2 


D-Mannitol 


- 


1,6 x lO" 2 


D-Raf f inose 




0,9 x 10 -2 


D-Lactitol 


- 


0,9 x 10" 2 


D-Maltitol 




0,9 x 10" 2 


a-D-Gal-Ome 




1,5 x lO" 2 


P-D-Gal-( 1— 4 
D-Glc-Oall 




0,8 x 10 -2 


p-D-Gal-(l-»4)-p- 
D-Glc-Obzl 




0,8 x 10" 2 


a-D-Man- ( l-*2 ) -a- 
D-Man-Ome 




1,0 x 10 -2 


P-D-Gal-(l-*2)-P- 
D-Gal-Ome 




1,0 x 10" 2 
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It is known, that the lectin Auieuria Avrantia Agglutinin (AAA) 
binds to disaccharide 1. For the other components of the com- 
pound library it was not known whether they exhibit binding af- 
finity for the lectin or not. 

The following experimental conditions were chosen: 

NMR-spectra of compound libraries A and B were recorded on a 
BRUKER DRX 500 spectrometer with a spectrometer frequency of 
500.13 MHz and a temperature of 310 K. For the preparation of 
the samples the two libraries A and B were disolved in 80 pi 
D 2 0 each. 40 pi of each solution of the libraries A and B were 
then diluted into 500 pi D 2 0. These samples were used for NMR 
experiments where no receptor (lectin, AAA) was present. 

The residual 40 pi were mixed with 500 pi of 0.5 mM solution of 
the lectin (receptor AAA) in D 2 0 each. These samples were used 
for the measurement of trNOEs. 

The concentration of oligosaccharide ligands in all samples was 
approximately 10 mM for each component and this led to a molar 
ligand to receptor ratio of approximately 20 : 1. 

Phase sensitive 2D-N0ESY-spectra were acquired with the stan- 
dard pulse sequence, that is: 

k/2 - t x - %I2 ~ mixing time - ti/2 - t 2 . 

tj corresponds to the evolution period, t 2 to the detection pe- 
riod as this has been explained before. The HDO-signal ( i.e. 
the background residual signal of water) was presaturated with 
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low power irradiation. The 2 D-NOESY- spectra for the libraries A 
and B in the absence of lectin were acquired with 512 data 
points in t x and 2K (library A) or 4K (library B) data points 
in t 2 . 32 scans were acquired each. After zero-filling and 
Fourier-transformation 4K x 2K data matrices were obtained. Re- 
laxation delays were 4.4 s (library A) or 3.6 s (library B). 
Mixing times were 900 ms in both cases. The spectral widths 
were 2.740 Hz (library A) and 4.496 Hz (library B). 

For the trNOESY-spectra of both libraries in the presence of 
lectin 640 experiments in t x and 4K datapoints with 32 scans 
each in t 2 were acquired. Zero-filling and Fourier- 
transformation yielded 4K x 2K spectra. After the first tc/2- 
pulse a spinlock field of approximately 3.5 KHz was switched on 
to supress disturbing signal background from protein signals. 
The mixing time was 400 ms and the spectral width was 2.379 Hz 
for both spectra. 

Fig. 2 shows the 2D-NOESY- spectra that were obtained for the 
libraries A (Fig. 2a) and B (Fig. 2b) in the absence of the 
lectin receptor. These proton NMR-spectra display strong over- 
lap of all signals. The NOE-pattern of the sought disaccharide 
cannot be identified. 

Fig. 3 shows the 2D-trNOESY-spectra of the compound libraries A 
(Fig. 3a) and B (Fig. 3b) in the presence of a lectin. The NOE- 
pattern of the sought disaccharide is now clearly visible 
(compare also Fig. 4) f because the crosspeaks that are charac- 
teristic for the disaccharide are situated distantly from the 
background signals. The signal pattern obtained can be used to 
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identify the ligand as this is shown for the case of disaccha- 
ride 1 that is shown in Fig. 1. 

In Fig. 4 2D-trNOESY spectrum of the receptor- ligand complex 
from disaccharide 1 (ligand) and lectin AAA (receptor) is 
shown. In Fig. 4 two typical cross peaks are designated that 
clearly show the trNOE. The one that is designated X H-Fuc des- 
ignates the crosspeak that is associated with a proton at C 1 of 
the fucose residue. 

The cross peak that is designated with ^-GlcNAc can be as- 
signed to the proton that is attached to the C^atom of the 
glucosamine residue. 

Comparison of Fig. 4 with Fig. 3 allows immediate identifica- 
tion of the ligand that is disaccharide 1 in both compound li- 
braries A and B. The compounds that do not bind to the receptor 
have small positive NOE signals that are not visible in the 
present spectra. 

In this case, the identification of the ligand (disaccharide 1) 
in the compound libraries A and B is possible via comparison of 
Fig. 3 and 4 and is especially easy. It is clearly visible that 
the disaccharide that is shown in Fig. 1 binds to the lectin 
AAA and that neither library A nor library B contain other com- 
pounds that bind to the lectin, because otherwise further 
trNOE-peaks would be observed. 

It follows that the method of the invention allows to unambigu- 
ously identify a ligand in a compound mixture using an added 
receptor. 
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In cases where the ligand and its proton NMR spectra are not 
known, other NMR experiments must follow which allow identifi- 
cation of the compound and the analysis of the compound's 
structure. The magnetization that is present at the end of the 
trNOE-pulse sequence and that is only present for the bound 
compounds can be used to subsequently perform classical 2D-NMR- 
experiments (TOCSY, COSY, HMQC ) . These experiments can either 
be performed as 3D-NMR-experiments or with advantage as ID- or 
2D-variants of 3D-exper'iments . 



XI 

Claims 



Method for detecting at least one substance (ligand) pre- 
sent in a compound library using at least one additional 
substance (receptor) that binds to the ligand, character- 
ized by 

a) adding a receptor to the compound library that has a 
substantially higher molecular weight than the li- 
gand to be identified, and 

b) performing of such a spectroscopic measurement tech- 
nique with the mixture resulting from step a ) , with- 
out isolating of the receptor-ligand complex, that 
can detect those dipolar resonance phenomena which 
occur upon a binding of a receptor to a ligand. 

Method according to claim 1, characterized in that the 
spectroscopic measurement technique is the NMR (nuclear 
magnetic resonance) spectroscopy. 

Method according to claim 2, characterized in that the 
dipolar resonance phenomenon is the transfer nuclear 
Overhauser effect trNOE. 

Method according to claim 2, characterized in that the 
dipolar resonance phenomenon is the transfer electron nu- 
clear Overhauser effect. 



22 



Method according to claims 3 or 4, characterized in that 
the trNOE is measured by a two-dimensional NOE spectro- 
scopic experiment (2D-N0ESY or 2D-R0ESY) . 

Method according to anyone of claims 3-5, characterized 
in that the trNOE is part of a multi-dimensional homo- or 
hetero nuclear experiment. 

Method according to claim 6, characterized in that one or 
more evolution times are kept constant during the experi- 
ment to reduce the dimensionality of the experiment. 

Method according to claim 3, characterized in that the 
trNOE is measured in a one-dimensional experiment. 

Method according to anyone of claims 2 - 8 f characterized 
in that one or more high frequency pulses are applied se- 
lectively or band selectively. 

Method according to anyone of claims 5 - 7, characterized 
in that the 2D-N0ESY spectrum of the compound library in 
the presence of a receptor is measured with a short mix- 
ing time, especially one that is shorter than 500 milli- 
seconds. 

Method according to claim 1, characterized in that the 
spectroscopic process is the fluorescence spectroscopy. 

Method according to claim 1, characterized in that the 
spectroscopic experiment is the ESR (electron spin reso- 
nance) spectroscopy. 



13. Method according to anyone of claims 1 - 12, charac- 
terized in that the ligand is a low molecular weight sub- 
stance, whose molecular weight is less than about 
2000 Da. 

14. Method according to anyone of claims 1 - 13, charac- 
terized in that the receptor is a high molecular weight 
substance, whose molecular weight is greater than about 
15000 Da. 

15. Method according to claim 14, characterized in that the 
receptor is composed of several high molecular weight 
substances, whose molecular weight is each greater than 
about 15000 Da. 

16. Method according to claim 14, characterized in that the 
receptor is a substance that is embedded into a higher 
molecular weight aggregate, whose total molecular weight 
is greater than about 15000 Da. 

17. Method according to anyone of claims 1 - 16, charac- 
terized in that the receptor is embedded in cell frag- 
ments or whole cells. 

18. Method according to anyone of claims 1 - 17, charac- 
terized in that that the compound library is composed of 
natural substances that are specifically selected from 
either peptides, proteins, nucleic acids, carbohydrates, 
lipids, whole cells, organells, cell extracts, whole bac- 
teria, bacterial extracts, viruses, viral extracts, body 
fluids, or mixtures of these. 



Method according to anyone of claims 1 - 18, charac- 
terized in that the compound library is composed of syn- 
thetic materials. 

Method according to anyone of claims 2 - 19, charac- 
terized in that, in the case of unknown ligands addi- 
tional one- or two-dimensional NMR experiments are used 
to identify the ligand and/or the ligand receptor com- 
plex, these experiments may be used before or after the 
dipolar resonance transfer. 

Method according to anyone of claims 1 - 20, charac- 
terized in that neural networks are being used to eluci- 
date complex spectra. 
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